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Abstract 

Using the FOCUS spectrometer with photon beam energies between 20 and 160 GeV, 
we confirm the existence of a diffractively photoproduced enhancement in K + K~ 
at 1750 MeV/c 2 with nearly 100 times the statistics of previous experiments. As- 
suming this enhancement to be a single resonance with a Breit-Wigner mass shape, 
we determine its mass to be 1753.5 ± 1.5 ± 2.3 MeV/c 2 and its width to be 122.2 ± 
6.2 ±8.0 MeV/c 2 . We find no corresponding enhancement at 1750 MeV/c 2 in K*K, 
and again neglecting any possible interference effects we place limits on the ra- 
tio T(A(1750) -» K*K)/T(X (1750) -» K+K~). Our results are consistent with 
previous photoproduction experiments, but, because of the much greater statistics, 
challenge the common interpretation of this enhancement as the 0(1680) seen in 
e + e~ annihilation experiments. 

PACS numbers: 13.25 13.60.L 14.40 



1 Motivation 

Previous photoproduction experiments have consistently observed an enhance- 
ment in K + K~ at a mass near 1750 MeV/c 2 (referred to here as the X(1750)) [1- 
3]. However, with signals consisting of only around 100 events and with a 
statistical significance of the enhancement of, at best, only 3.5 a over back- 
ground, these experiments have suffered from a lack of statistics. Due to the 
large statistical errors on the mass of the enhancement, and assuming that 
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a diffract ively photoproduced meson is a vector, this enhancement has been 
identified with the 0(1680) seen in e + e~ annihilation [4-7], which is a can- 
didate radial excitation of the 0(1020). The present analysis challenges this 
interpretation of the 1750 MeV/c 2 signal on two grounds. 

First, assuming the enhancement is a single resonance, we determine a mass 
of 1753.5 ± 1.5 ± 2.3 MeV/c 2 from our sample of more than 10,000 signal 
events, which is clearly inconsistent with 1680 MeV/c 2 . One previous photo- 
production experiment [1], using less than 50 signal events and guided by e + e" 
annihilation results, presented a mass of 1690 ± 10 MeV/c 2 after an analysis 
based on a model including interference and Deck-like effects. With orders of 
magnitude more statistics, we are unable to reproduce this result. 

Second, although e + e~ annihilation experiments report the dominant decay 
mode of the 0(1680) to be K*K [7], as expected theoretically for the radial 
excitation of the 0(1020) [8-10], we find no evidence for a photoproduced 
enhancement in K*K corresponding to the photoproduced enhancement in 
K+K~. We put a low upper limit on the ratio T(X(1750) -> K*K)/T(X (1750) 
-+K+K-). 



2 Data Sample 

The data for this analysis was collected by the Wideband photoproduction 
experiment FOCUS during the Fermilab 1996-1997 fixed-target run. FOCUS 
is a considerably upgraded version of the previous E687 photoproduction ex- 
periment [11]. A forward multi-particle spectrometer is used to measure the 
interactions of high energy photons on a segmented BeO target. 

The FOCUS detector is a large aperture, fixed-target spectrometer with excel- 
lent vertexing, particle identification [12], and reconstruction capabilities for 
photons, 7r°'s, and K$ [13]. A photon beam is derived from the bremsstrahlung 
of secondary electrons and positrons with an approximately 300 GeV end- 
point energy produced from the 800 GeV Tevatron proton beam. The charged 
particles which emerge from the target are tracked by two systems of sili- 
con microvertex detectors. The upstream system, consisting of 4 planes (two 
views in 2 stations), is interleaved with the experimental target, while the 
other system lies downstream of the target and consists of twelve planes of 
microstrips arranged in three views. The momentum of a charged particle is 
determined by measuring its deflections in two analysis magnets of opposite 
polarity with five stations of multiwire proportional chambers. Three multicell 
threshold Cerenkov counters are used to discriminate between pions, kaons, 
and protons. 
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Fig. 1. The K + K~ sample with no cut on pt- 

The K + K~ and KsK^n^ data samples used in this paper require a single 
vertex in the target, no electromagnetic energy apart from that associated 
with the reconstructed tracks, and require all tracks to be singly linked be- 
tween the upstream and downstream tracking systems. Events with additional 
reconstructed tracks are rejected, making the data samples as exclusive as pos- 
sible. The Cerenkov identification of the kaons in both diffractive final states 
limits the photon energy range to < 160 GeV. 



3 Mass and Width Measurement 

Our sample of K + K~ events, selected using the criteria described above, shows 
a clear 0(1020) signal dominating the spectrum (Figure 1). The diffractive 
component of the production of the 0(1020) shows up as a peak in the spec- 
trum (Figure 2. a). Cutting around this peak by requiring p T < 0.15 GeV/c, 
we select a diffractive sample of K + K~ events, in which a clear enhancement 
appears in the mass spectrum near 1750 MeV/c 2 (Figure 3. a). Figure 3.b con- 
firms that the enhancement appears at only low pt- Plotting the pt spectra in 
the 1750 region (1640-1860 MeV/c 2 ) and in the two sideband regions (1500- 
1600 MeV/c 2 and 1900-2100 MeV/c 2 ), it is seen that the 1750 region has a 
peak in the px spectrum in nearly the same place as the 0(1020) peak, but the 
sideband regions have significantly smaller p? peaks (Figure 2. a), indicating 
that the background under the X(1750) signal is largely non- diffractive. 

The t' spectrum (£' = \t\ — \t\ min rts p\ and t = (P 7 — Prk) 2 , where P 7 and 
Pkk are the four-momenta of the photon beam and the KK system, respec- 
tively) for K + K~ masses between 1640 and 1860 MeV/c 2 has been fit with 
two exponentials (Figure 2.b). The diffractive exponential for this region has 
a slope of 69.2 ± 2.1 GeV~ 2 c 2 and the background exponential has a slope of 
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Fig. 2. (a) The K + K~ pt spectra. The solid line is the pr spectrum for the 
0(1020). The top dotted line is the pr spectrum for K + K~ masses between 1640 and 
1860 MeV/c 2 ; the middle is the left sideband (1500-1600 MeV/c 2 ); and the bottom 
is the right sideband (1900-2100 MeV/c 2 ). (b) The t' spectrum for K+K~ masses 
between 1640 and 1860 MeV/c 2 fitted using two exponentials, A\e~ hxt ' + A 2 e~ b2t ' . 
In each plot, the vertical line represents the px cut used in this analysis. 

4.17±0.21 GeV~ 2 c 2 . For comparison, the 0(1020) signal has a diffractive slope 
of 77.71 ± 0.59 GeV^V and a background slope of 1.71 ± 0.14 GeV~ 2 c 2 . The 
steep diffractive slopes are characteristic of exclusive diffractive photoproduc- 
tion off of nuclear targets. 

Fitting the 1750 MeV/c 2 mass region with a non-relativistic Breit-Wigner 
distribution and a quadratic background, we find 



Yield = 11, 700 ± 480 Events 
M = 1753.5 ± 1.5 ± 2.3 MeV/c 2 
T = 122.2 ±6.2 ±8.0 MeV/c 2 
Because the acceptance of the detector is flat in this region, as determined 
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Fig. 3. (a) The K + K~ mass spectrum with the requirement that px < 0.15 GeV/c. 
The spectrum is fit with a non-relativistic Breit-Wigner distribution and a quadratic 
background. The dotted line is the Monte Carlo efficiency on a scale from 
to 100%. (b) The solid line is the K + K~ mass spectrum with the requirement 
that pt < 0.15 GeV/c. The dotted line is the K + K~ mass spectrum with 
Pt > 0.15 GeV/c scaled to the size of the low px spectrum for comparison, (c) 
The data and fit after subtracting the quadratic polynomial background shape, (d) 
The data minus the fit. 

by a full Monte Carlo simulation, the fit was performed on the uncorrected 
mass spectrum. Further, since Monte Carlo studies of the detector have shown 
that the K + K~ mass resolution in the 1750 MeV/c 2 region is better than 
10 MeV/c 2 , which is much less than the width of the X(1750), resolution effects 
have been neglected in the fit. (Similar Monte Carlo studies have accurately 
predicted the D° mass resolution in the decay D° — > K + K~, and find a 
compatible resolution [14].) The systematic errors were determined by varying 
the pt cut, the Cerenkov cuts, the form of the Breit-Wigner shape (non- 
relativistic, and relativistic L = 0,1,2), and the form of the background shape, 
and include the systematic uncertainty in our mass scale. 

There is a region near 1600 MeV/c 2 where there is some discrepancy in our 
fit to the K + K~ mass spectrum. The residuals show that the statistical sig- 
nificance of this discrepancy is not strong (Figure 3.d). It has been found that 
several different interference scenarios can improve the fit. These include in- 
terference with the K + K~ continuum and interference between the X(1750) 
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Fig. 4. (a) The KgK-K sample with no cut on pr- (b) The KsKir sample with 
p T < 0.15 GeV/c. (c) The K S 7r ± mass from (b). (d) The mass from (b). 

and a second resonance with lower mass. The goodness of the fits, however, 
does not allow us to discriminate between solutions, and we find no physics 
motivation for picking one solution over another. In all scenarios, the mass 
of the X(1750) exceeds 1747 MeV/c 2 . If the X(1750) has J PC = 1" and if 
the 0(1680) were also photoproduced, then we would expect some distortion 
of the K + K~ mass shape. However, the apparent absence of the 0(1680) in 
its dominant K*K mode and the measured ratio of branching fractions [7] 
limit the amplitude in the K + K~ state so that the distortion of the expected 
line shape is negligible. Our mass and width measurements and our determi- 
nation of systematic errors assume the production of a single, non-interfering 
resonance. 



4 Branching Ratio 

Figure 4 shows our K s Kix sample and the two K* combinations. The KsK^ir 11 
spectrum shows the classic "D" and "E" regions [15]. 

After requiring p? < 0.15 GeV/c (the same px cut imposed on the K + K~ 
sample), and requiring a K*, the two distinct K*K spectra were fit individu- 
ally (Figure 5). There is no obvious X(1750) signal in either of the two K*K 



7 



K*K Fits 




Fig. 5. Fits to K*K using a Breit-Wigner distribution for the X(1750) region with 
mass and width fixed from the fit to K + K~ , a second non-interfering Breit-Wigner 
distribution around 1630 MeV/c 2 , and a quadratic background. The dotted lines 
are the Monte Carlo efficiencies on a scale from to 20%. (a) K*°Ks with K*° to 
KV. (b) K*±K^ with K*± to Ksir*. 

modes. In order to place upper limits on the K*K/K + K~~ branching ratios of 
the X(1750), an estimate of the background is needed. The presence of a slight 
enhancement somewhat below the 0(1680) region introduces some ambiguity 
in estimating the background in the X(1750) region. In order to make a conser- 
vative estimate of the background, we have used a fit which includes a second, 
unconstrained, non-interfering resonance in the 1630 MeV/c 2 region as well as 
the X(1750) with mass and width fixed from the fit to the K + K~ mode. The 
size of the X(1750) resonant component was unconstrained. These fits provide 
an estimate of the number of events above background in the X(1750) region, 
-123 ± 120 events in the K*°K S mode and 106 ± 117 in the K^K* mode. 

The efficiencies of the K + K~ and K*K final states were determined by Monte 
Carlo simulations in bins of pr, beam energy, and mass. As the spin of the 
X(1750) is still uncertain, several decay angular distributions were simulated. 
Using the highest efficiency for K + K~ (Figure 3. a) and the lowest for K*K 
(Figure 5) and correcting for the K s unseen decay mode, we have found an 
upper limit on the following relative branching ratios 



r(X(1750) -»• K* + K' -> K s ir + K- + c.c. 



r(X(1750) -> K+K-) 



< 0.183 at 90% C.L. 



The confidence limits were set using the Feldman-Cousins methodology [16]. 
The two relative branching ratios were measured to be —0.083 ± 0.081 and 
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0.065 ± 0.072, respectively. 



5 Discussion 

Because of the large discrepancies in mass and relative branching fractions to 
K + K~ and K*K, we do not believe it is reasonable to identify the X(1750) 
with the 0(1680). In fact, because the mass of the X(1750) is significantly 
higher than all known vector mesons, the most massive of which are the 
a>(1650), 0(1680), and p(1700), an interpretation claiming the X(1750) is some 
combination of interfering vector mesons also seems highly unlikely. The in- 
terpretation of the X(1750) remains uncertain. 

6 Acknowledgements 

We wish to acknowledge P. Page and T. Barnes for valuable discussions, the 
assistance of the staffs of Fermi National Accelerator Laboratory, the INFN 
of Italy, and the physics departments of the collaborating institutions. This 
research was supported in part by the U. S. National Science Foundation, 
the U. S. Department of Energy, the Italian Istituto Nazionale di Fisica Nu- 
cleare and Ministero dell'Universita e della Ricerca Scientifica e Tecnologica, 
the Brazilian Conselho Nacional de Desenvolvimento Cientifico e Tecnologico, 
CONACyT- Mexico, the Korean Ministry of Education, and the Korean Sci- 
ence and Engineering Foundation. 

References 

[1] OMEGA Collaboration, D. Aston et al., Phys. Lett. B 104 (1981) 231. 

[2] OMEGA Collaboration, M. Atkinson et al., Zeit. Phys. C 27 (1985) 233. 

[3] FNAL E401 Collaboration, J. Busenitz et al., Phys. Rev. D 40 (1989) 1. 

[4] D.E. Groom et al. (Particle Data Group), Eur. Phys. J. C 15, (2000) 1. 

[5] A.B. Clegg, A. Donnachie, Zeit. Phys. C 62 (1994) 455. 

[6] DM2 Collaboration, D. Bisello et al., Zeit. Phys. C 52 (1991) 227. 

[7] DM1 Collaboration, J. Buon et al., Phys. Lett. B 118 (1982) 221. 



9 



[8] S. Godfrey and N. Isgur, Phys. Rev. D 32 (1985) 189. 

[9] H.G. Blundell and S. Godfrey, Phys. Rev. D 53 (1996) 3700. 

[10] H.G. Blundell, S. Godfrey, and B. Phelps, Phys. Rev. D 53 (1996) 3712. 

[11] FNAL E687 Collaboration, P.L. Fabretti et al., Nucl. Instrum. Methods A 320 
(1992) 519. 

[12] FOCUS Collaboration, J.M. Link et al., Nucl. Instrum. Methods A 484 (2002) 
270. 

[13] FOCUS Collaboration, J.M. Link et al., Nucl. Instrum. Methods A 484 (2002) 
174. 

[14] FOCUS Collaboration, J.M. Link et al., Phys. Lett. B 491 (2000) 232. 
[15] S. Godfrey and J. Napolitano, Rev. Mod. Phys. 71 (1999) 1411. 
[16] G.J. Feldman and R.D. Cousins, Phys. Rev. D 57 (1998) 3873. 



10 



